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` Kinematics ot 2D solid bodies 


- Vg + long | where [lu | 2 I7 ol 
"ee | to the "pa 
d cd w^ e, 1/- | tp (ee 
10 Teg 
vector pointing from A towards b S 
where |4| = LEE 


Wheel rolli Sn witho ut s lippina ' 


24 (4) 


Wheel Rolling on the Ground WITHOUT slipping 


A 
y (e 
x 

GIVEN: 
velocity of center of wheel = Vgi 
radius of wheel = R 
angular speed of wheel = œ (in positive direction) 
angular acceleration of wheel = a (in positive direction) 
THEN: 

p = 

V. = wRi ^ l ; ^ 

N 

Öç = aRî = cwm (a> nEn F lasle} as 

V, = 2V;t 

Vp = WRI- WRF = .- 

E rae: 
dp = dg + (anic), ên + (anic), à = aRi- i — i) 


åa = dg * (auc), à, + (auc), à = aRi- mmm aR? 


d,- oR) = AZ * CRN + (Ki) À et 
w = Vg/ R 


a = ag/ R 


All points revolve around instantaneous center of zero velocity “C” 
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MIE 200F - Quiz number 5b - October 26/99 
quiz duration — 20 minutes 


A car is travelling at 30 m/s down a straight stretch of road in the x direction. The diameter of each of the four wheels is 


0.7 meters. The wheels are not skidding. One of the wheels is shown in the diagram. 4 NS 
—_ 
l (a) What is the speed at the bottom of the wheel? Vp = Vat Vro 
— 
[Ve] = GRpo 


%2 (b) What is the magnitude of the angular speed œ of the wheel? 


L (c) Use a diagram to show all the points on the wheel that 
have zero speed in the y direction. 


L| (d) Find the velocity of the wheel at point P, in x-y coordinates. 


Direction of car's travel —> 
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xam review — April 2019 M eh bem Mite 200 F, 290} 
The bar AB has a length of 3 meters. Its movement is constrained, such that point “A” can travel only in the 
vertical direction, and point “B” can travel only in the horizontal direction. At time t = 0, 8 = 40 degrees and the 


angular velocity of the bar is œ= 0.15 5! (clockwise). At time t = 0, the angular acceleration of the bar is equal to 
& = 0.2 s” counterclockwise. Assume that œ is constant for the period of interest. 


(a) Determine the value of the angle 8 at time t = 1.7 seconds. 
(b) Find the velocity of "B" at time t = 0, in x-y coordinates. 


(c) Find the acceleration of “A” at time t = 0, in x-y coordinates. 
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The bar AB has an angular 
velocity and angular 
acceleration oa 


ow = -3 rads/s k 

a 2 

c = 2 rads/s k 

At the instant shown, 


find the following, 
in x-y-z co-ordinates: 


(a) The acceleration = A 


of point "B" " /N €—— 4m n 


(b) The oe Vo of 


point "c" Free Apeil fat y 
(c) The acceleration a. CX am n | D 
GE point "Cc". m 
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- rated in 
Be hue ^e center v z tno vel. city =) Bc is ‘7 
s >W Ve = Aa ag t = Gis) = 
(c) d. 2 ag t Gein + aaa) 
= (-273 -6t) + 0 + «aàc Mae ; (acle), 
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sin 6 Sin y 
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Problem #3, Exam MIE200, April 1998 


The three bars AB, BC, and CD are each pinned at their ends as shown. Bar AB 
has length 2 meters; bar BC has length 4 meters, and bar CD has length 3 meters. 
Bar AB has an angular velocity of œas = + 4 s, and an angular acceleration of ap 
=-3s". 

(a) Find the magnitude of acceleration, asl, of point B. 

(b) Find the angular velocity, wpc, of bar BC. 

(c) Find the horizontal component of acceleration of point C. 


(a) Magnitude of normal acceleration of B with respect to A is @’rap = 42 = 32 m/s? 
Magnitude of tangential acceleration of B with respect to A is aras = (3)(2) = 6 m/s? 


ü|-v327- 6€ == 39.54 m/s” 


(b) Vp = Vc + Vpic = Vc + Opc tuc Note that this is a VECTOR equation — use a vector triangle. 
Note that the direction of Vc is straight down, and that the direction of Vgc is perpendicular to 
BC, and the direction of Vg is perpendicular to AB. Check to make sure that you agree with these 
directions, and with the vector triangle shown on the right. 


ee ee ae ee 30° 60 
we know |vp|| =|øanras f (4)(2) = 8 m/s 90 


From the vector triangle, 
\Vpycl = |Vp /tan 30| = 13.86 m/s 


so logc] =|¥aic /tac|= 13.86/4 = 3.46 s” 
(Get the direction of w from the problem description: clockwise) 


(c) Ive] = |vp/sin 30| = 8/0.5 = 16 m/s 
Horizontal acceleration of C is (vc)*/rcp = 167/3 = 85.3 m/s? to the right. 


(wis Xa) = (Y ns = RO" LU oc amet o 
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Summary 


© Kinematics of 2D solid bodies 


a 
= Vg + lU rg | where | lw |= he Va | 
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Next Lecture 


' Kinetics of zb Bodies: Read Meniam i, Ma ; b 


